INTRODUCTION {#sec1-1}
============

Cancer appears to be an ever growing disease and a leading cause of death worldwide. It accounted for 7.4 million deaths (or about 13% of all deaths worldwide) in 2008.\[[@ref1]\] There has been a constant increase in the incidence of cancer.World statistics indicate that in India alone 22.2% of women presently suffer from cancer, which is expected to increase to almost 30% in the next 5 years.\[[@ref2]\] Research to understand the etiology and eradicate the tumor burden without harming the host has progressed with many success stories that have resulted in cure (in a few cancers), improved longevity and quality life. In spite of these fascinating advances, treatment of cancer is laden with multiple side effects. Some degree of damage to normal healthy tissues is an expected side effect of both chemo- and radiation therapies. Continuing attempts to reduce these effects have had many success stories, although not yet complete. Radiation therapy is associated with known imbalances that result in increased apoptosis\[[@ref3]\] and other chromosomal abnormalities.\[[@ref4]\]

Apoptosis or programmed cell death in the tissues is a normal phenomenon, which is a very important and inevitable event in the remodeling of tissues during development and aging.\[[@ref5]\] It is a crucial process for eliminating cancer cells.\[[@ref6]\] Most carcinogens appear to induce tumors by damaging cellular DNA that results in abnormal cells.\[[@ref7]\] Apoptosis is one of the protective mechanism by which cells undergo self-suicide in response to DNA damage. Given that faulty DNA repair is associated with an increased incidence of abnormal cells,\[[@ref7]\] the processes for repair or destruction of damaged cellular DNA are critical when it comes to defending the body against carcinogens. The studies on liver damage and neoplastic lesions suggest an extremely important role for apoptosis in controlling cancer.\[[@ref8]\] It was seen in various studies that DNA damage and apoptosis tended to increase with the grade of the tumor.\[[@ref9]\] Key steps crucial to progress of tumor progression are genomic instability and escape from apoptosis.\[[@ref10]\] Studies also indicate that the older population shows higher basal levels of DNA damage and more sensitivity to DNA-damaging agents than the younger population.\[[@ref11]\]

The possibility of a linkage between emotional distress and DNA repair was explored in a study using peripheral blood lymphocytes (PBLs) obtained from patients in a psychiatric hospital.\[[@ref12]\] The results showed that lymphocytes from psychiatric patients demonstrated greater impairments relative to controls, in their ability to repair damaged cellular DNA, and those who were more depressed showed significantly poorer repair of damaged DNA than their less depressed counterparts. In another study\[[@ref13]\] 45 rats, half of which were assigned to a rotational stress condition, were fed a carcinogen. The levels of the DNA repair enzyme (methyltransferase) induced in response to carcinogen damage were significantly lower in the stressed animals' splenic lymphocytes.\[[@ref13]\]

Research has also documented inhibition of apoptosis by stress,\[[@ref14]\] which in turn could result in suppression of immune function. Tomei *et al*.\[[@ref14]\] showed that examination stress in medical students enhanced the inhibition of radiation-induced apoptosis in PBLs. Thus it appears that psychosocial stressors could ultimately lead to progressive accumulation of errors within cell genomes as well as reducing tumor-specific and innate immune responses.\[[@ref15]\]

A number of researchers have shown that stress-reducing interventions can improve immune functions.\[[@ref16]\] The first well-controlled demonstration of immune enhancement via behavioral intervention came from a study on normal healthy adults that showed significant enhancement in natural killer (NK) cell activity, with concomitant decreases in distress-related symptomatology after 1 month of relaxation training.\[[@ref17]\] One of the comprehensive intervention studies in cancer research evaluated both the immediate and longer term effects of a 6-week structured group intervention that consisted of health education and stress management techniques such as relaxation and psychological support\[[@ref18][@ref19]\] in patients with stage-I or -II malignant melanoma. A 6-year follow-up showed a trend toward greater recurrence, as well as higher mortality rates, among patients in the control group when compared with the patients in the intervention group.\[[@ref19]\] In a randomized control study, Vadiraja *et al*.\[[@ref20]\] compared the effects of an integrated yoga program with brief supportive therapy in 88 breast cancer outpatients undergoing adjuvant radiotherapy and showed decreases in anxiety, depression, perceived stress, 6 a.m. salivary cortisol, and pooled mean cortisol levels in the yoga group compared with controls. We studied the effects of an integrated yoga program in modulating perceived stress levels, anxiety, as well as depression levels and radiation-induced DNA damage, in 68 breast cancer patients undergoing radiotherapy. Radiation-induced DNA damage after radiotherapy was significantly elevated in both the yoga and the control groups, with a trend of a lesser level of DNA damage in the yoga group. There was also significant decrease in perceived stress and negative affect, with increase in positive affect after yoga.\[[@ref21]\]

MATERIALS AND METHODS {#sec1-2}
=====================

This was a three-armed cross-sectional design that compared the apoptotic index (AI) and qualitative DNA damage (QDD) in three groups of age-matched subjects: (1) Carcinoma breast patients; (2) Advanced yoga practitioners; and (3) Normal healthy volunteers. Recruited for the study were 13 women with breast cancer in stage II or III who were referred to the radiology department for radiation therapy after completing three cycles of chemotherapy at Manipal Hospital and Bangalore Institute of Oncology. The inclusion criteria were (a) adult females in the age range 35-70 years with carcinoma of the breast in stage II or III undergoing radiation therapy and (b) performance status of 0-3 on Zubrod\'s scale. Those with metastatic breast cancer; those who were on steroids; and those with other major medical conditions such as diabetes, coronary heart disease, and/or a major psychiatric illness were excluded.

The second group consisted of 11 age-matched (±2 years) individuals from two yoga institutions (VYASA and Yogashree (the yoga wing of Hindu Seva Pratishthana)) with experience in regular practice of yoga for at least 1 h per day for more than 10 years. The third group of 10 normal healthy volunteers who did not have experience of yoga was selected from the staff of both the hospitals. Those who had any symptoms, illnesses, were on any form of medication, smoked, or consumed alcohol were not included in groups 2 and 3. This study was approved by the institutional ethical review committee and consent was sought from all the subjects of the study. Five milliliters of fasting blood was drawn from the antecubital vein into heparinized vacutainers between 8:00 a.m. 10:00 a.m. in the hospital premises by a laboratory technician. The samples were coded and analyzed for AI and QDD at Manipal Hospital by a blinded investigator.

Blinding {#sec2-1}
--------

The PBL samples were coded to blind for groups and age.

Yoga practices {#sec2-2}
--------------

The advanced yoga practitioners included in this study were all senior yoga teachers who were teaching and practicing yoga daily regularly (5-7 days/week) for several years (\>10 years). All of them had a routine of doing integrated yoga that included a few asanas, pranayama, and meditation.

Assessments and data extraction {#sec2-3}
-------------------------------

The PBLs were isolated from the blood samples by the Ficoll density-gradient method using Histopaque 1077 (Sigma Aldrich, St Louis, MO, USA).\[[@ref22]\] Single-cell gel electrophoresis or comet assay was conducted according to the prescribed protocol.\[[@ref23][@ref24]\] Cells embedded in agarose were lysed, subjected briefly to an electric field, stained with a fluorescent DNA-binding stain, and viewed using a fluorescence microscope. Fragmented DNA migrates farther in the electric field, and the cell then resembles a "comet" with a brightly fluorescent head and a tail region, which increases as damage increases. Slides were treated with the DNA-binding dye propidium iodide (1 mg/ml) (Sigma Aldrich) and viewed with appropriate filters at 40 \[[Figure 1](#F1){ref-type="fig"}\]. No standardization was necessary as this was a qualitative test and the comet cells, apoptotic cells, and normal cells were clearly distinguishable by the trained researcher who counted the cells in each of the coded slides. Approximately 500 cells were scored in total for each of the samples. The number of apoptotic cells and comets was expressed as a percentage of the total number of cells counted.

![(a) Normal cell. (b) Cell with DNA damage, forming comet tail. (c) Apoptotic cell (doi: 10.1016/j.ajodo.2003.09.010)](IJY-6-20-g001){#F1}

Data analysis {#sec2-4}
-------------

Data were cumulated and descriptive statistics were calculated. Data being normally distributed, comparisons were made using one-way analysis of variance (ANOVA) to evaluate the interactions between the three groups. *Post-hoc* tests (Scheffe test) were conducted to isolate the groups with significant differences.

RESULTS {#sec1-3}
=======

The final numbers available for analysis were nine in each group. Demographic data showed that mean age was 46.67 ± 10.79 years in women with breast cancer (BC), 48.44 ± 10.91 in senior yoga (SY), and 47.11 ± 9.99 in non-yoga volunteers (NV). The values for QDD and AI were normally distributed. [Table 1](#T1){ref-type="table"} shows the mean and standard deviation values for each of the groups followed by one-way ANOVA and Scheffe test for group differences.

###### 

Between group comparisons of AI and % comets by one way ANOVA (*n*=9 in each group)

![](IJY-6-20-g002)

Apoptotic index {#sec2-5}
---------------

One-way ANOVA showed that there was significant group interaction between the three groups (*f*~(2,24)~ =4.973, *P* = 0.016). Post-hoc analyses using Scheffe test revealed that percentage apoptosis was significantly lower in the yoga group as compared with non-yoga volunteers (*P* = 0.019).

DNA damage {#sec2-6}
----------

Percentage of comet cells was highest in the cancer patients and least in the senior yoga practitioners. One-way ANOVA showed significant group interaction between groups (*f*~(2,24)~ =3.534, *P* = 0.045). On *post-hoc* analyses using Scheffe test, significantly lower comet percentages were seen in the senior yoga practitioners as compared with the breast cancer group (*P* = 0.047) \[[Table 1](#T1){ref-type="table"}\].

Thus, percentage apoptosis and levels of DNA damage showed significant group interactions with significant differences between the yoga and non-yoga groups and the breast cancer and yoga groups for percentage apoptosis and DNA damage, respectively.

DISCUSSION {#sec1-4}
==========

In this cross-sectional pilot study three groups of subjects viz. senior yoga practitioners (SY) (*n* = 9), healthy non-yoga volunteers (NV) (*n* = 9), and patients with carcinoma of breast undergoing radiotherapy after three cycles of chemotherapy (BC) (*n* = 9) were selected. The results showed that the percentage apoptosis and DNA damage were least in the SY group. Percentage apoptosis was highest in the NV group and percentage comet was highest in the breast cancer group. Significant group interactions were observed as tested by one-way ANOVA.

Apoptosis is a process of genetically programmed alternations of cell structure that leads to failure of proliferation and differentiation, and eventual cell death. Apoptosis is induced by a variety of toxic cellular insults and is crucial for recognition and disposal of toxins and unhealthy cells. It provides an indication of the body\'s response to physical and chemical stresses on the tissues. The need for apoptosis arises when regular functions like aging, protein profiles, genetic integrity, and inter-cellular signaling pathways are dysregulated to the extent that it deviates from normal homeostasis. This process may function to protect against the appearance of heritable phenotypic changes in cells and may be a critical factor in normal cellular immune function.\[[@ref14]\] Thus AI is an indicator of the rate of toxin build-up at the cellular level. A high AI observed in the NV group indicates that the cellular environment required frequent "housekeeping". A low AI in the yoga group would therefore indicate that the rate of cellular toxin build-up was low.\[[@ref25]\]

DNA is a repository of genetic information in each living cell, its integrity and stability being essential to life. It is subject to assault from the environment, and the resulting damage, if not repaired, leads to mutation and possibly disease. DNA damage could be the result of excessive exposure to UV radiation, tobacco smoke, mutations during DNA replication, byproducts of metabolism, and oxidative stress amongst others. In the present study, breast cancer patients who underwent therapeutic strategies (radiotherapy and chemotherapy) showed significantly higher DNA damage levels as compared with yoga practitioners. This could be due to treatment-related insult to the DNA. Psychological stress responses affect metabolic byproducts and oxidative stress,\[[@ref26]\] which could have contributed to the higher values of DNA damage in this group. The trend of low values of DNA damage in the yoga group as compared with the non-yoga group, although non-significant, could indicate a reversal of these stress-induced physiological and cellular changes. Hence, regular yoga practice may help to keep up the integrity of the DNA in breast cancer patients during conventional treatment modalities.

The authors have also tried to suggest a model of healthy aging utilizing both values of AI and QDD. This model works on the premise that QDD is an index of ill-health and AI is the ability to restore health in the system. The values for breast cancer patients have high levels of QDD with low values of AI, indicating illness with the inability to heal. In comparison, normal individuals without exposure to yoga show moderate levels of QDD but a high AI, indicating that the system is in a state of "high alert," with restorative mechanisms at heightened levels. The third group of senior yoga practitioners (SY) however had low values for both AI and QDD, suggesting that regular long-term practice of awareness building and internalization achieved through yoga practice could improve the efficiency of the system. Mindful awareness of yoga brings about stress reduction and hence metabolic and oxidative homeostasis, which would percolate into cellular processes such as preserving the integrity of the DNA, resulting in reduced requirement of restorative mechanisms. This is represented figuratively \[[Figure 2](#F2){ref-type="fig"}\] as a linear progression from disease, through health, toward positive health.

![Difference in Apoptosis% and Comet% for the three cross-sectional groups (BC, breast cancer; NV, normal; SY: Yoga group)](IJY-6-20-g003){#F2}

In conclusion, we may state that when one adopts a yogic way of life with minimal or no abuse to the body and mind, it tends toward a healthy body, which reflects in the cellular parameters of AI and DNA damage. Regular yoga practice could also be the key to healthy senescence as it could have a buffering effect on age-dependant DNA damage and repair capacity. Thus this pilot study paves the road map for designing more robust studies using these variables.

Limitations of the study {#sec2-7}
------------------------

This was a pilot experiment to look for directional differences between the three cohorts and hence, small yet heterogeneous cohorts were involved. Data from a fourth group consisting of cancer patients who had prolonged exposure to yoga practice would have been more effective in understanding the differences. Also, newly diagnosed and advanced-stage breast cancer groups would have added to the evidence of the hypothesis. Gender differences could have confounded the comparisons, although an attempt was made to match the age between the three groups. The technique of estimating the AI and QDD was manual observation of the morphology of cells at low magnification. More objective and accurate measures are advised if this study is not exploratory in nature.

Strength of the study {#sec2-8}
---------------------

There are several studies on brain processes in senior meaditators of vipassana, transcendental meditation, etc. But, to the best of our knowledge, this is the first study that has looked at cellular functions like AI in yoga practitioners and compared it with those of cancer patients undergoing radiation. This study provides direction for further investigations in order to understand fundamental differences between health and disease. The results of this study helped us to propose a new hypothesis of disease, health, and positive health, which needs validation by well-designed studies in future.

Suggestions for future research {#sec2-9}
-------------------------------

As initiation, progression, and therapy of cancer are laden with many cellular, immunological, and psychological factors, it is important to have a comprehensive set of measures to understand the impact of yoga in cancer. In addition to apoptosis, the role of the complex components of the immune system such as cytokines and their respective transcription factors such as nuclear factor-kB (NF-kb)\[[@ref27]\] in disease and health are recognized. We propose future studies using a comprehensive battery of these cellular and immune measures. A four-armed study to compare the immune variables and NF-kB in age- and sex-matched patients of breast cancer with and without yoga, and normal volunteers with and without yoga, is presently underway.
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